Atrial and ventricular pacemaker function was studied in 20 patients with idiopathic chronic complete heart block using the rate response to an intravenous bolus dose of isoprenaline (5 ,ug The present work suggests that consideration of the ventricular pacemakerfunction is important in assessing liability to syncope in complete heart block.
responses were compared vith those of I6 normal control subjects. None of the patients was having syncopal attacks at the time of admission and they were therefore selected in that none required immediate pacing. Ten The atrial response to isoprenaline was reduced in 12 of the 20 cases, IO of whom also had reduced ventricular responses. All 9 patients with bundle-branch block had reduced ventricular responses, while 7 had reduced atrial responses. This evidence indicates that cardiac conducting tissue pathophysiology is widespread in complete heart block.
The present work suggests that consideration of the ventricular pacemakerfunction is important in assessing liability to syncope in complete heart block.
While patients with Adams-Stokes attacks require pacing it is suggested that all asymptomatic patients with complete heart block and those with minor symptoms are assessed using studies of both ventricular pacemaker function and site. A low risk group not requiring a pacemaker may emerge after sufficient follow-up assessment.
Most patients with chronic complete heart block present with sudden syncope. There are some, however, who remain in complete heart block for many years without significant symptoms. Dighton, 1974) and sinoatrial block (Dighton, I975) . It is postulated that an analogous situation exists in complete heart block, with syncope occurring in patients with reduced ventricular pacemaker function. In this study, atrial and ventricular pacemaker function in complete heart block has been assessed from the rate response to an intravenous bolus dose of isoprenaline (Dighton, 1974) .
A further factor of fundamental importance to the occurrence of syncope in complete heart block is the site of origin of the ventricular pacemaker (Rosen et al., I97I, I972) . From animal electrophysiological experiments it may be assumed that the more distal the site of the ventricular pacemaker, the slower will be the intrinsic rate, and the less will be the response to sympathetic drive (HofEman and Cranefield, I960). The likelihood of asystole, pacemaker failure, and syncope may, therefore, be greatest in complete heart block when the ventricular pacemaker is distal in site. In this study an attempt has been made using His bundle electrograms to define the site of the ventricular pacemaker.
Patients and methods
Twenty patients with chronic complete heart block were investigated after obtaining fully informed consent.
There were I I men and 9 women of mean age 6o years.
Sixteen volunteer control subjects without any evidence of cardiac disease, mean age 52 years, were investigated using the same test of pacemaker function. The responses of these subjects were used as controls for the atrial pacemaker responses in complete heart block. While these responses cannot strictly be used as controls for ventricular pacemaker responses, they have been used in the absence of any more suitable control data. The possibility of increased sympathetic activity in complete heart block might also be taken to detract from the suitability of the present control group (Finucane and Gialafos, I974) . However, the present work fails to support this view. His bundle electrograms were not performed on the control subjects since sufficient normal data have now been published.
All subjects and patients were investigated using a single intravenous bolus dose of 5 ,ug isoprenaline per 70 kg bodyweight, the injection being delivered into an arm vein. A continuous electrocardiographic recording was started I5 seconds before injection and continued during and for one minute after injection. The records were analysed using a standard rate ruler averaging 2 consecutive RR intervals for ventricular rate and 2 consecutive PP intervals for atrial rate. Five estimates of atrial and ventricular rate were made before injection and taken as the control resting rates. Further estimates were made at 3-second intervals after injection and continued for 2 minutes. A pilot-study of reproducibility using repeat infusions of isoprenaline had shown these were not necessary in the main study.
No patient had been paced at the time of investigation, and all drugs had been withdrawn for at least 48 hours. In no patient was the aetiology of the complete heart block known with certainty. In io of the 20 patients His bundle electrograms were obtained, a bipolar catheter being introduced either percutaneously through the femoral vein or alternatively through the antecubital vein and positioned across the tricuspid valve. From the records obtained the level of atrioventricular block could be ascertained. With a His deflection seen to follow each P wave, a diagnosis of post-His complete heart block can be made. When the His deflection is seen to precede each QRS a diagnosis of atrioventricular block at a pre-His level can be made. The His to ventricular activation time was measured in each case.
Results
The resting atrial and ventricular rates together with QRS configurations of all subjects are shown in Table i . No significant difference was found between the resting atrial rates of either control or complete heart block subjects.
In Table 2 clinical features are correlated with the results of this investigation. It has been suggested that sympathetic drive predominates in complete heart block (Finucane and Gialafos, 1974) . This was concluded after finding a drop in ventricular rate in response to an infusion of atropine and propranolol together. Their results probably indicate that there is sympathetic but no vagal influence in the His-Purkinje system. One cannot conclude from their work that there is a greater than normal sympathetic drive in the presence of a lesser vagal influence in complete heart block. It is unlikely, therefore, that responses to isoprenaline are reduced in some cases of complete heart block just because of excess sympathetic drive.
Results of the present work help to define a high risk group and indicate a definite association between Adams-Stokes attacks, a bundle-branch block pattern, and the inability of both the ventricular and atrial pacemakers in complete heart block, to respond to a small standard intravenous bolus dose of isoprenaline. In the group studied there was no helpful relation between resting ventricular rate and symptoms. Of the 12 patients having experienced Adams-Stokes attacks, II had a reduced ventricular response to this test. Three further patients with reduced ventricular responses were asymptomatic. On this evidence sudden syncope seems to be commonly related to the inability of the ventricular pacemaker to speed sufficiently on demand. It may be that the lack of response is associated with unreliability, the dominant pacemaker at times producing subthreshold, nonconducted impulses. Should this occur, a long asystolic period might occur before an idioventricular distal pacemaker took over; alternatively the period might be sufficiently long to allow an escape rhythm to supervene. Though speculative, these considerations are supported by the direct observations made by Parkinson, Papp, and Evans (I94I). (Dighton, 1974 
